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METHOD FORENCODING 
COMPUTER-GENERATED HOLOGRAMS 
USINGA CORRECTION FUNCTION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the priority of PCT/EP2009/ 
052749, filed on Mar. 10, 2009, which claims priority to 
German Application No. 10 2008 000589.4, filed Mar. 11, 
2008, the entire contents of which are hereby incorporated in 
total by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for encoding 
computer-generated holograms in pixelated light modulators 
whose encoding Surface comprises a pixel matrix whose pix 
els have a certain pixel shape and pixel transparency, where 
the encoding Surface comprises a hologram which is com 
posed of Sub-holograms each of which representing one 
object point of the object which is to be reconstructed by the 
hologram, where a pyramidal body with a virtual observer 
window as the defined visibility region and with the object 
point as the peak is extended beyond the object point and 
projected onto the encoding Surface, thus creating an encod 
ing region in which the object point is holographically 
encoded as a Sub-hologram. 

Light modulators with their encoding Surfaces are either of 
a transmissive or reflective type, and they comprise a matrix 
of pixels with finite extent, which are separated by more or 
less wide gaps owing to the manufacturing process. In the 
case of a liquid crystal modulator, the encoding Surface is e.g. 
crossed by a grid of thin electrodes, where the grid represents 
a matrix of electrodes which intersect at right angles, thus 
defining rectangular regions between the electrodes, the so 
called pixels, which are disposed at a certain distance to each 
other, the so-called pixel pitch p. The matrix of electrodes is 
also known as inter-pixel matrix or gap grid, because it exhib 
its gaps g between the pixels. It can be switched with the help 
of an electronic controller, in particular with the help of a 
computer by Software means, in order to encode the pixels as 
regards their amplitude and/or phase Such that they exhibit a 
certain transmittance or reflectance. Pixels which are encoded 
as transmissive pixels let the incident waves pass, while the 
pixels which are encoded as reflective pixels reflect the inci 
dent waves. 
A method for calculating computer-generated video holo 

grams and a corresponding device are known from document 
DE 10 2004 063 838 A1, where object points with complex 
amplitude values of a three-dimensional original object are 
assigned to matrix dots of parallel virtual object section 
planes in order to define for each object section plane a 
separate object data set with discrete amplitude values in the 
form of matrix dots of a given matrix, and to calculate from 
the object data sets a holographic code for the pixel matrix of 
a light modulator. 

For this, a diffraction pattern is computed in the form of a 
separate two-dimensional distribution of wave fields for a 
reference plane, which is situated at a finite distance and 
parallel to the object section planes, from each object data set 
of each object section plane, where the wave fields of all 
object section planes are computed for at least one common 
virtual observer window which is situated in the reference 
plane near the eyes of an observer, and whose window area is 
reduced compared with the hologram. 
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2 
The calculated distributions for the wave fields of all object 

section planes are added in a reference data set in order to 
define an aggregated wave field for the virtual observer win 
dow. For generating a hologram data set for the common 
computer-generated hologram of the object, the reference 
data set is transformed into a hologram plane, which is situ 
ated at a finite distance and parallel to the reference plane that 
coincides with the plane of the pixel matrix of the light modu 
lator. 
The amplitude and phase values of the hologram, which are 

to be realised in the individual pixels, are also calculated dot 
by dot for the hologram plane. Typically, two-dimensional 
light modulators with an encoding Surface of m pixel rows at 
in pixels each are used for recording computer-generated 
holograms, where the pixels are no points, but have a finite 
extent and a given shape and a certain amplitude transparency 
and phase transparency. 
One problem of the prior art is that the point-wise compu 

tation of the hologram and its representation in pixels with 
finite extent on the light modulators cause the hologram to be 
biased and the corresponding instances of imprecision in the 
visible reconstruction to be perceived by the observer. 
The occurring defects are caused by the real extent of the 

pixels and are based on a conflict between the point-wise 
computation of the hologram and the real extent of the pixels, 
which remains unconsidered. 

It is also known that the e.g. rectangular pixels of the light 
modulator, given a uniform transmittance or reflectance, 
exhibit an amplitude distribution in the form of a sinc function 
of 

sin(x) 
sinc(x) = 

7. 

in a Fourier plane when they are illuminated with coherent 
light. 
The computation of the complex light distributions in the 

plane of the observer window and in the hologram plane only 
applies to points which are intersecting points of a given 
virtual grid. If the complex distributions are represented on a 
light modulator, then there are pixels which have for example 
a rectangular shape and which exhibit a constant amplitude 
and/or phase transparency, as said above. The representation 
of the complex hologram values in the pixels of a real light 
modulator is mathematically a convolution of the computed 
hologram with a rectangular function that represents the pixel 
extent in the X and y direction. This mathematical process 
known as convolution causes—during the reconstruction of 
the hologram—the Fourier transform of the ideal hologram, 
which is encoded point-wise, to be multiplied with a sinc 
function which is the Fourier transform of the pixel function, 
which is a rectangle, in the plane of the observer window. An 
observer who watches the reconstruction of the object thus 
perceives this defect. 

Serving as a visibility region for an observer in the refer 
ence plane, i.e. in a virtual plane which lies immediately in 
front of the observer eye, an observer window has a given 
size; it can for example be as large as an eye pupil or be 
Somewhat larger than that, e.g. have twice or three times the 
size of an eye pupil. 
One problem is that the complex wave front in the given 

observer window and thus also the reconstruction of the 
three-dimensional object in the space between the observer 
window and the hologram are biased by the effects of the 
finite pixel extent in the light modulator, in that for example 
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undesired changes in intensity may occur in the observer 
window. If the observer window is larger than the eye pupil, 
then for example the reconstruction of the three-dimensional 
object appears darker to an observer whose eye pupil is situ 
ated near the edge of the observer window than to an observer 
whose eye pupil is situated in the centre of the observer 
window. In addition to changes in brightness, there is also 
noise, i.e. a deterioration in quality of the reconstruction of 
the three-dimensional Scene. 

In U.S. Application No. 12/440,478, a hologram computa 
tion method based on document DE 10 2004 063 838 A1 is 
described where a correction is carried out with an inverse or 
reciprocal of the transform of the pixel shape and the pixel 
transparency in the observer plane. This requires knowledge 
of the complex values of the wavefront in the observer plane. 
Fourier transforms are required for this computation. 
Document WO2004/044659 A2 describes a device for 

reconstructing video holograms in which a holographic 
encoding takes place, as shown in FIG. 1. The three-dimen 
sional object 10 is composed of object points, of which two 
object points 30, 31 are shown in the drawing. Pyramidal 
bodies with the observer window 11 as the base and the two 
selected object points 30, 31 of the object 10 as the respective 
peaks are extended beyond these object points 30, 31 and 
projected onto the encoding Surface with the desired final 
hologram 12. Thereby, object-point-related encoding regions 
20, 21 in which the object points 30, 31 can be holographi 
cally encoded in respective sub-holograms 201, 211 are cre 
ated on the given encoding Surface. 

The total hologram is then the complex-valued sum of all 
Sub-holograms. Mainly those Sub-regions of the encoding 
Surface which correspond with these encoding regions 20, 21 
contribute to the reconstruction of individual object points 30, 
31 of the three-dimensional object. The computer-generated 
holograms 12 are illuminated with an illumination system 
with an array of micro-lenses 15 to generate the reconstruc 
tion. 

Holograms for Sucha device for reconstructing video holo 
grams can be computed according to the method described in 
document DE 10 2004 063 838 A1. 

Another method for computing holograms is described in 
U.S. Pat. No. 8,437,056, which discloses an analytical com 
putation of Sub-holograms on the encoding Surface of a light 
modulator in the form of lens functions. Thereafter, the sub 
holograms are added to form a total hologram. 

Within the section of the total hologram which is defined 
by the encoding regions 20, 21, the individual Sub-holograms 
have a Substantially constant amplitude whose value is deter 
mined depending on brightness and distance of the object 
points and a phase which corresponds with a lens function, 
where the focal length of the lens and the size of the encoding 
regions are variable depending on the depth coordinate of the 
object point. Outside the section which is defined by the 
encoding regions 20, 21, the amplitude of the respective Sub 
holograms is 0. The total hologram is then the complex 
valued sum of all Sub-holograms. In the case of point-shaped 
pixels, the virtual observer window would be created based 
on the total hologram by a Fourier transform or, optionally, by 
a different transformation, Such as a Fresnel transform. 

However, for the computation of the hologram according 
to this method, the wave front in the observer window is not 
found explicitly mathematically. The method does not use 
any Fourier or Fresnel transform. The computation thus has 
the advantage that it takes less computing time compared with 
the method described in document DE 10 2004 063 838 A1. 
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4 
The problem is that also in this method for computing 

holograms the pixel shape and the pixel transparency of the 
light modulator are not taken into consideration. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a method for encoding computer-generated holograms on 
pixelated light modulators, said method being designed Such 
that the bias of the reconstruction of the hologram which is 
caused by the real shape and transparency of the pixels of the 
light modulator is widely eliminated, while keeping low the 
computing time which is needed to find the encoding function 
on the hologram. In order to achieve the latter it must particu 
larly be prevented that one or multiple Fourier transforms or 
Fresnel transforms are performed each time when computing 
holograms for different three-dimensional objects. 
The object of this invention is solved with the help of the 

features of claim 1. The method for encoding computer 
generated holograms is carried out for pixelated light modu 
lators whose encoding Surfaces have a pixel matrix whose 
pixels have a certain pixel shape and pixel transparency, 
where the encoding Surface comprises a hologram which is 
composed of Sub-holograms each of which representing one 
object point of an object which is to be reconstructed by the 
hologram, where a pyramidal body with a virtual observer 
window as a defined visibility region and with the object point 
as a peak is extended beyond the object point and projected 
onto the encoding Surface, thus creating an encoding region in 
which the object point is holographically encoded as a Sub 
hologram, where each individual computer-generated Sub 
hologram is multiplied with a correction function in the 
encoding region, and only then the corrected Sub-holograms 
are added to form a total hologram, whereby the correction 
function is directly integrated into the computer generation of 
the Sub-holograms as a transform of the pixel function which 
is specific for the virtual observer window. 

According to a first embodiment of the present invention, 
the correction function can be an inverse or reciprocal of the 
transform of the pixel shape and pixel transparency which is 
scaled to the width of the sub-hologram, where this correction 
function is preferably foundby way of computing it only once 
for a certain type of light modulator, where it is stored and 
where the stored values can then be used for the computation 
of multiple holograms or Sub-holograms. 

According to this invention, the transmission of the correc 
tion function from the observer plane to the hologram plane 
takes place on the basis of a geometric-optical approximation, 
i.e. light beams propagate mainly from the edges of a Sub 
hologram through the object point to be reconstructed to the 
edge of the observer window, and from the centre of a sub 
hologram through the object point to be reconstructed to the 
centre of the observer window. 
The amplitude distribution of a correction function over the 

observer window is approximately identical to the amplitude 
distribution of a correction function over the sub-hologram. 

Thereby, the mathematically exact correction, which 
would be a multiplication of the wavefront of the object point 
with the reciprocal of the transform of the pixel shape and 
pixel transparency in the observer window, can be replaced in 
approximation by a computation in the plane of the light 
modulator or an image thereof in that the Sub-hologram is 
multiplied there with the correction function which is scaled 
to the respective width of the sub-hologram. 
The term scaling to the width of the sub-hologram can be 

understood as follows: An inverse or reciprocal of the trans 
form of the pixel shape and pixel transparency can e.g. have 
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the value 1 in the centre of the observer window and the 
value 1.5 at the edge of the observer window, where a 
correction is carried out in that the amplitude of a sub-holo 
gram is multiplied with the value 1 in the centre of the 
encoding region of the Sub-hologram, and with the value 1.5 
at the edge of the encoding region of the Sub-hologram. 
The correction can be carried out for an amplitude of the 

Sub-hologram with real-valued pixel transparency, where the 
phase of a pixel remains the same across the entire extent of 
the pixel. 

However, it is also possible to carry out a complex-valued 
correction of amplitude and phase of the Sub-hologram. 
The correction function depends on the actual pixel shape 

and pixel transparency, and on the position of the observer 
window in the plane of the Fourier transform of the hologram, 
which in turn depends on the given encoding of complex 
valued pixels in the form of an amplitude and/or phase encod 
ing. 

This embodiment has the advantage that for a certain light 
modulator with a given pixel shape and pixel transparency, 
only a single correction function must be computed and 
stored. However, this embodiment only represents and 
approximation and thus causes a Substantial, but still incom 
plete correction. 

Therefore, a further embodiment will be described which is 
more intricate, but delivers more precise results. It is based on 
the fact that the correction function depends on the distance of 
an object point to the hologram and to the observer, but 
neither on the brightness of the object point nor on his lateral 
position. 

Therefore, the same correction function can be used for 
different object points of one or multiple three-dimensional 
objects which are situated at the same distance to the holo 
gram and observer. 

In a second embodiment of the present invention, correc 
tion functions are thus determined for certain object point 
distances. 

To find the correction functions, holograms are computed 
once in advance for Such objects which comprise either just a 
single object point or only object points whose encoding 
regions of the Sub-holograms do not overlap. 
The wave front in the observer window can be calculated 

for these holograms with the help of a reciprocal of the trans 
form. A correction is performed in the observer window by 
way of a multiplication with the reciprocal of the transform of 
the pixel shape and pixel transparency of the light modulator. 

The corrected wave front in the observer window is trans 
formed into the hologram. Corrected holograms are thereby 
generated for these objects. The correction function is found 
for certain object points by comparison of the corrected and 
uncorrected hologram as the quotients of the original and new 
amplitude distributions within the encoding regions of the 
Sub-holograms. These correction functions can be stored. 
The thus pre-computed correction functions can then be 

used to achieve a fast correction of the Sub-holograms of those 
objects which have object points that are similar to the object 
points for which the pre-computation was performed once. 
Similar object points are in particular those points which are 
situated about at the same distance to the hologram and 
observer. 
The depth range of three-dimensional objects can be cov 

ered by a grid of pre-computed correction functions. Sub 
holograms of object points of a three-dimensional scene 
whose depth coordinate lies between those grid positions can 
be corrected with the correction function for the grid point 
whose depth comes closest. 
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6 
The reciprocal sinc function can serve as correction func 

tion for pixels which have a rectangular shape and homoge 
neous transparency. 

If pixels do not have rectangular pixel shapes, i.e. in the 
case of more complex pixel structures or shapes, other func 
tions than the sinc function can be used for the correction in 
the respective encoding region of the light modulators. 

Since the correction is performed together with the com 
putation of the individual complex-valued sub-holograms, 
and before the computation of the total hologram, the correc 
tion is automatically also performed before a separation of the 
complex hologram values into amplitude values and phase 
values for holograms which are encoded on amplitude-modu 
lating or phase-modulating light modulators. 

If a complex number is represented on the light modulator 
by multiple amplitude or phase pixels, the reciprocal of the 
transform of the pixel shape and pixel transparency of a single 
light modulator pixel is still important for the correction. 
However, a different section of this reciprocal of the trans 
form is used because of the size of the observer window and 
its position in the Fourier plane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is described in more detail below 
with the help of a number of embodiments and drawings, 
where: 

FIG. 1 is a schematic diagram which illustrates a method 
for the reconstruction of a three-dimensional object with a 
computer-generated hologram according to the prior art, 

FIG. 2 is a correction function in the form of a section of a 
1/sinc function in the plane of the Fourier transform of a pixel, 
the section being of a size of an observer window, 

FIG.3 shows an amplitude representation of a hologram as 
a Sum of two Sub-holograms, where 

FIG. 3a illustrates the uncorrected amplitude of two sub 
holograms which differ in size as they belong to object points 
which are situated at different depths, and 

FIG.3b illustrates the corrected amplitude of the two sub 
holograms, which has been corrected according to a first 
embodiment of this invention by multiplication of the ampli 
tude distribution shown in FIG. 3a with the correction func 
tion shown in FIG. 2 which is scaled to the respective widths 
of the two Sub-holograms, 

FIG. 4 shows amplitude representations of holograms, 
where 

FIG. 4a illustrates an uncorrected hologram of a three 
dimensional object which consist of four individual points 
which are situated at different distances to the encoding Sur 
face whose encoding regions do not or only slightly overlap, 
said hologram having been computed with the help of a 
Fresnel transform and a Fourier transform, and 

FIG. 4b illustrates a hologram of a three-dimensional 
object which comprises four individual points which are situ 
ated at different distances to the encoding Surface, said holo 
gram having been computed with the help of a Fresnel trans 
form and a Fourier transform and corrected in the observer 
window, and 

FIG.5 shows the quotient of the curves of FIG.4b and FIG. 
4a, which provides correction factors for the respective posi 
tion in the hologram for determining 4 sections with 4 cor 
rection functions for 4 different distances of object points to 
the encoding Surface, where the correction function being 
scaled to the left sub-hologram according to FIG. 3 is shown 
as a dotted line for comparison. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 1, the method for encoding computer 
generated holograms is implemented in pixelated light modu 
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lators whose encoding Surface has a pixel matrix whose pixels 
have a certain pixel shape and pixel transparency, where the 
encoding Surface comprises a hologram 12 which is com 
posed of sub-holograms 201, 211 each of which representing 
one object point 30, 31 of the object 10 which is to be recon 
structed by the hologram 12, where a pyramidal body with a 
virtual observer window 11 as the defined visibility region 
and with the object point 30, 31 as the peak is extended 
beyond the object point 30, 31 and projected onto the encod 
ing Surface, thus creating an encoding region 20, 21 in which 
the object point 30, 31 is holographically encoded as a sub 
hologram 201, 211. 

According to this invention, each individual computer 
generated sub-hologram 201, 211 is multiplied with a correc 
tion function K, and only then the corrected Sub-holograms 
201, 211 are added to form a total hologram 12. 
A possible but not favoured embodiment is to calculate the 

wave front of each individual object point in the observer 
window, to multiply it there with the inverse or reciprocal of 
the transform of the pixel shape and pixel transparency so to 
achieve a correction, then to transform the corrected wave 
front onto the encoding Surface and to get a corrected Sub 
hologram there. Thereafter, the corrected sub-holograms 
could be added to form a total hologram. This embodiment 
has the disadvantage of a very high computational load. 

FIG.2 shows a cross-section through a correction function 
K with which the computed wave fronts must be multiplied, 
where the correction function K is a section of the size of an 
observer window of a reciprocal sinc function, as can be the 
result for a rectangular pixel with constant transparency. The 
section corresponds with the case that always one hologram 
value is encoded in one pixel of the light modulator. 

The reciprocal sinc function can serve as transforming 
correction function K for pixels which have a rectangular 
shape and homogeneous transparency. 

If pixels do not have rectangular pixel shapes, i.e. in the 
case of more complex pixel structures or shapes, a different 
transform than the sinc function can be used for the correction 
in the respective encoding region of the light modulators. 
A first preferred embodiment takes advantage of a geomet 

ric-optical approximation to get a correction function. Refer 
ring to FIG. 1, light beams propagate from the edge of the 
encoding regions 20, 21 of the sub-holograms 201, 211 
through the object points 30, 31 towards the opposing edge of 
the observer window 11. A light beam from the centre of the 
encoding regions would propagate accordingly towards the 
centre of the observer window. 
The geometric approximation thus realises an allocation of 

a certain position within the encoding region of the Sub 
hologram with a certain position within the observer window. 
A multiplicative correction with a correction function in 

the observer window can preferably be replaced in this 
approximation by a multiplicative correction of the Sub-ho 
logram with a correction function which is scaled to the width 
of the Sub-hologram of the encoding region which takes place 
directly in the encoding Surface. 

FIG. 3a shows according to this embodiment a cross-sec 
tion through the amplitude curve in the uncorrected state for 
a hologram as a Sum of two Sub-holograms 20, 21 of two 
object points 30, 31 which are situated at different depths fo, 
f —defined as focal points with corresponding focal 
lengths—in an analytic computation. While the phases in the 
encoding regions 20, 21, which correspond with the Sub 
holograms 201,211, each correspond with a lens function, the 
amplitude in the encoding regions of the Sub-holograms 201, 
211 can be set at a constant value. However, this already 
represents an approximation. Due to the different depths fo, 
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8 
f, the corresponding focal lengths of the lens functions (not 
shown here) and the size of the sub-holograms 201,211 differ. 
FIG. 3b shows the amplitudes of the sub-holograms 201, 211 
which are corrected directly on the encoding surface. The 
correction function for the Sub-holograms corresponds with 
the value distribution of the function shown in FIG. 2 for the 
observer window. The width of the correction function is 
scaled differently, according to the different size of the two 
sub-holograms 201, 211. 

This embodiment of the correction method has the advan 
tage of a simple realisation, but it only represents an approxi 
mation. 
A second, also preferred embodiment is somewhat more 

intricate, but delivers more precise results. In this embodi 
ment, correction functions are pre-computed once by way of 
a correction in the observer window for object points which 
are situated at different distances to the encoding Surface, and 
these correction functions are stored for Subsequent usage for 
the correction of holograms with object points at the same 
distance to the encoding Surface and to the observer window. 
This correction can then also be performed directly on the 
encoding Surface. 
To illustrate this embodiment, FIG. 4a shows a cross-sec 

tion through the hologram amplitudes for a hologram which 
has in this case been computed with Fresnel transforms and 
Fourier transforms in accordance with DE 10 2004 063 838 
A1. 
The object—a three-dimensional scene—comprises four 

different object points which are situated at different dis 
tances to the encoding Surface. The lateral positions of those 
4 points is chosen Such that the encoding regions 20, 21 
according to FIG. 1 of the corresponding sub-holograms do 
not substantially overlap. 

FIG. 4a shows a cross-section of the amplitude distribution 
in the uncorrected hologram. This amplitude distribution 
comprises four sections representative of individual Sub-ho 
lograms 23, 24, 25 and 26. The sub-holograms 23, 24, 25 and 
26 differ in size depending on the distance of the correspond 
ing object points to the encoding Surface. In contrast to FIG. 
3a, the amplitudes are not constant across the Sub-holograms 
but exhibit small periodic fluctuations caused by a convolu 
tion with the transform of the rectangular observer window 
11. 

FIG. 4b shows the hologram after the computation of the 
same three-dimensional object—again with Fresnel and Fou 
rier transforms—but this time additionally including the mul 
tiplicative correction with the reciprocal of the transform of 
the pixel function according to FIG.2 in the observer window. 
The correction in the observer window causes the ampli 

tudes of the sub-holograms 23, 24, 25 and 26 to be changed. 
When comparing the corrected and uncorrected amplitudes 
as in FIGS. 4a and 4b, correction functions can be computed 
once inadvance by way of generating the quotients of the two 
for the object points which are situated at different distances. 

FIG.5 shows the quotient of the distribution in FIG. 4b, 4a. 
In this case, 4 different correction functions could be 
extracted from the 4 different sections of this curve for object 
points which are situated at different distances to the encod 
ing Surface. 

Alternatively, the entire amplitude distribution of the sub 
holograms as in FIG. 4a could be stored, because the latter 
also only varies as the distance changes. 

For a comparison, the correction function being scaled to 
the width of the sub-hologram on the left-hand side according 
to the method illustrated in FIG. 3 is provided as a dotted line 
in the drawing. It can be seen that both embodiments produce 
very similar correction functions here. The method illustrated 
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in FIG. 4 delivers the more precise correction though. How 
ever, the method illustrated in FIG.3 represents a practicable 
approximation. 
The method can also, be employed if the complex holo 

gram values are not encoded in one pixel in the light modu 
lator, but if multiple pixels are used to encode one complex 
value, e.g. in the form of amplitude values or phase values. 

This will now be explained using the example of a Burck 
hardt encoding. With the help of this encoding method, a 
complex number is represented by three amplitude values, 
which are written to three adjacent pixels of a light modulator. 

The hologram, which is real-valued in this case, exhibits a 
symmetrical Fourier transform. In this type of encoding, the 
observer window lies outside the centre of the Fourier plane 
on one side. 
The correction method is also in this case performed with 

the section with the size of the observer window of the recip 
rocal of the transform of pixel shape and transparency of the 
single pixel of the light modulator. 
Due to the size and position of the observer window in the 

Fourier plane which results from the Burckhardt encoding 
method, this section must be a different one than that in the 
example shown in FIG. 2. With a pixel of rectangular trans 
parency, this would for example be the right-hand side third of 
the function shown in FIG. 2. 

For amplitude encoding orphase encoding, Sub-holograms 
can be corrected in a geometric-optical approximation 
according to one embodiment, or correction functions can be 
pre-computed according to another embodiment with the 
help of a section of the reciprocal of the transform of pixel 
shape and pixel transparency which is selected to match the 
size and position of the observer window. 

List of reference numerals 

10 Object 
11 Observer window 
12 Hologram 
13 Eye 
14 Reference plane 
15 Array of micro-lenses 
2O First encoding region of the encoding 

Surface 
2O1 First Sub-hologram 
21 Second encoding region of the encoding 

Surface 
211 Second Sub-hologram 
30 First object point 
31 Second object point 
fso Depth, focal length 
fso Depth, focal length 
K Correction function 

The invention claimed is: 
1. A method for encoding computer-generated holograms 

into pixelated light modulators, each light modulator having 
an encoding Surface that includes a pixel matrix whose pixels 
have a certain pixel shape and pixel transparency, comprising 
the steps of: 

creating an encoding region by extending a pyramidal body 
with a virtual observer window localized in a Fourier 
plane of the light modulator as a defined visibility region 
and with an object point of an object as a peakbeyond the 
object point and projecting onto the encoding Surface, 
and holographically encoding the object point as a Sub 
hologram, 

multiplying each individual Sub-hologram with a correc 
tion function, wherein the correction function is a vir 
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10 
tual-observer-window-specific reciprocal of the trans 
form of the pixel shape and pixel transparency and is 
projected into a hologram plane, 

adding the corrected Sub-holograms to forman entire holo 
gram, 

encoding the entire hologram into the encoding Surface of 
the light modulator as a computer-generated hologram 
composed of said Sub-holograms, each representing one 
object point of an object which is to be reconstructed by 
the hologram. 

2. Method according to claim 1, wherein a reciprocal of the 
transform of the pixel shape and pixel transparency is used as 
the correction function, where said reciprocal of the trans 
form is projected into the hologram plane and is scaled to the 
width of the sub-hologram. 

3. Method according to claim 2, wherein the reciprocal of 
the transform of the pixel shape and pixel transparency has the 
value 1 in the centre of the virtual observer window and the 
value 1.5” at an edge of the virtual observer window, where a 
correction is carried out in that the amplitude of a sub-holo 
gram is multiplied with the value 1 in the centre of the 
sub-hologram, and with the value 1.5” at the edge of the 
Sub-hologram. 

4. Method according to claim 2, wherein the correction is 
carried out for an amplitude of the sub-hologram with real 
valued pixel transparency, where the phase of a pixel remains 
the same across the entire extent of the pixel. 

5. Method according to claim 1, wherein a complex-valued 
correction of amplitude and phase of the Sub-hologram is 
carried out. 

6. Method according to claim 1, wherein the correction 
function depends on the actual pixel shape and pixel trans 
parency, and on the position of the virtual observer window in 
the Fourier plane of the light modulator where the position 
depends on the given encoding of complex-valued pixels in 
the form of an amplitude and/or phase encoding. 

7. Method according to claim 1, wherein for finding the 
correction function comprising the steps of 

computing of holograms once in advance for Such objects 
which comprise either just a single object point or only 
object points whose encoding regions of the Sub-holo 
grams do not overlap, 

correcting the Sub-holograms of those holograms with the 
reciprocal of the transform of the pixel shape and pixel 
transparency in the virtual observer window 

determining of the correction function for certain object 
points by comparison of the corrected holograms with 
the uncorrected holograms. 

8. Method according to claim 7, wherein the amplitude 
distribution which is changed by the correction is determined 
for the individual sub-holograms after a transformation of 
wave fronts into the hologram plane, the wave fronts being 
corrected in the virtual observer window, in order to get 
correction functions based on those distributions for all object 
points which lie in the same depths relating to the encoding 
surface as the points of the object which were included in that 
computation. 

9. Method according to claim 8, wherein the correction 
values for object points are found once in advance in different 
depths relating to the encoding Surface and stored to be 
retrieved Subsequently for correcting Sub-holograms. 

10. Method according to claim 4, wherein for pixels with 
rectangular shape and uniform transparency the reciprocal of 
the sinc function is used as correction function. 

11. Method according to claim 4, wherein in case of other 
than rectangular pixel shapes, with more complex pixel struc 
tures or shapes on the respective encoding Surface of the light 
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modulators, correction functions other than the reciprocal of 
the sinc function are used for the multiplication. 

12. Method according to claim3, wherein the correction is 
carried out for an amplitude of the sub-hologram with real 
valued pixel transparency, where the phase of a pixel remains 5 
the same across the entire extent of the pixel. 

13. Method according to claim 12, wherein for pixels with 
rectangular shape and uniform transparency the reciprocal of 
the sinc function is used as correction function. 

14. Method according to claim 12, wherein in case of other 10 
than rectangular pixel shapes, with more complex pixel struc 
tures or shapes on the respective encoding Surface of the light 
modulators, correction functions other than the reciprocal of 
the sinc function are used for the multiplication. 

15. Method according to claim 5, wherein in case of other 15 
than rectangular pixel shapes, with more complex pixel struc 
tures or shapes on the respective encoding Surface of the light 
modulators, correction functions other than the reciprocal of 
the sinc function are used for the multiplication. 

k k k k k 2O 
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